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A bstr a ct
T hispaperdeals withthehydrologic c orlditio ns oftheQaida mBasin, a typical inland basill0f C hin a,
which in chlde pre cIPltation a nd r un offchara cter, a nd w ater res o ur cesstat char acterized with a s m all
abs olute qu antity andlarge relativ equa ntib･. Fin ally,the design ofw ater r e s o u r c e sdecisio n support
syste mforthe basirlis prese nted･
There e xistseveralarid inlarld basinsinthe n or也w estarea of C h ina:the Tarirn Bash,theJunggarbasin,
the Qaidam Basin etc ‥ Thes ebasins a re co m m o nin m any w ays: surr ou nded by high m ou ntairlS,
e xtre m ely dry in the c e nters, a nd alLw ater res o ur ces orlglnated &oTnthe ru n offof thos e
su r o u nd ing m ourltains.
1. Hydrologic character ofaridarea oftheQaidarnBasin
E.1Gerle r alsitu ation of the Qaida mBasiTI
T heQaida mBasinis situated inthe n onhw estpart of Qinghai pro vizICe Of C hirlap On the So uth,it
adjoinsthe Ku nlu n M o u ntairlSa nd borders theQilia nM o u ntains onthe Northeast,the Altu nM o u ntains
o nthe Northwe st. T hehighlands ar_e allm oretha n 4,000
m eters abo ve sealev elwhilethe ele vationat
the bottom ofthe basin is usu al一y betwe e n2,60 0m eters and 3,200rneters･ Fr o m e a st to w e st, the
basin is850 kilom etersLo ng and 2 5 0kilo m eterswi de･ Itc o vers a n are a ofabo ut 270tho us andsquare
kilo m et rs.
The Qai da m Basin is ahuge corlfirled basin that goesdeepinto the m ainland, with e xtr e m elydry
clim ate a nds m allpre cipitation . The precipitatio ndecreas esgradually 丘o mthe highlands to the basin･
a m o u ntlngtO 200m JTlin thehighla nds, and dropplngtOlessthar12 0m m at the ce nter･
The Qaida m Basin is rich in min eral res ou rc es, and the reserv e s ofpotassium chloride, s odiu m･
m agnesiu m , lithium , iodin e a nd asbesto s are allsec o nd to n o nein China, Also, the re s o u r c es
of
natu ral alkali, c alcific atio n, rnirabilite. a nd boron ra nk am ongtheleading positio nin the c ouTltry I
T he reis stilla large qu a ntiy of unc ultivated land that can be ap pliedto farTning or sto ckr ais
ing･
T he sela nds, withs ufrLCient sun shin eand great airte mpe ra tu re defer e nce betwe en day ar)a night, a re
favo r able to crop growth. [f w at e r re s o u rces supply en o ugh, greatpotentialities o
f farrrling c anbe
br oughtinto fulLptay･
1.2 Hydrologic character oftheQaidaTTIBasin
Be ca use theQaida m Basin goesde epinto the rnainland and is c onfined bythe highla nds whos e
ele v atio nsare much differe nt丘o mit,its a n nu alprecIPltatio n ap pears ne arly a conc e ntric ellipse･ W ith
the ele vatio n Lo wenng fro m the highla nds t o the basin c e n te r, the yearly prec IPitatio n
reduce s
gradually fro mthe highla nds to the basin c enter･On the highla nds itre a ches 2 00rn m, a nd
it goes
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belo w20rnrn while atthe cellter.
Flowing &o mthe highla nds to the basin , au riv ers ofthe Qaida m Bami beco m eEn any radializ ed
solitary w at e r syste m a nd ha ve shortflo wpathsL Flo ods, at the s o uth
edge, n o rth edge･ and n orthe ast
edge of the basin rnain)y' c o n si t ofthe wate r&o m r
ainfalland m elting sno w ･ Sn o w- melting w ater
m akesup a c ertain perc e n t age ofthe ru n off. As the w estpare
ofthe basin fac esm o u ntains on thre e
sides, a nd vaporis n ot easyto arive there, the precJPItation is)itle･ a ndthe an n u aln u mb
eris o nLy
sc ores of m ‖im etre.The so urc es ofrivers exist atglacial area and s n o wfLeld, s othe rivers r ec eive
recharge m ainly &o mglacialand Snow ･ The a nu alprecIPltatiorlislesstha
n 20 m m in the w est and
middLepar ”fthe basinl a ndthe e vaporatio noc c ur s s o st
roTlglythatitreaches3,000rn mperyear･ As
a re sult the su rface run off bec o me5 e x tr emelys maH ordoesno toc cu rs･
Du e ( o the effect of ter rmi and surfac e materials, m o st nl Offs of the rivers in the basin are
characteri2:ed with verlic al zonatio ns. Gen erallythe basin ca nbe z o ned intothre e reglOnS from the
m o u ntain areas t o thefo ot ofthe m o urltains,[Zhang, 1990】
Ru n off formative z o n e:As the m o ロntainareas re ceiv e relativelyLarge preclpitatio n a nds n ow
- m elting
re charge, m o s t ru n offsthatc o nsitofthe riv er 加 w s o cc urinthis zo n e･ Th
e a m ountofru n offsincre a s e s
in a cc ordan cewiththe e xpaJI SioTI Ofc atchm e ntare a･
Ru n off dispersive z o ne:When the m o u ntain riversdischarge intothe basin at the m o uth of the
m ou ntain, t opographic gradie ntdecreases･ There areGobi des ert z o n es at the top ofauu v
ial no o°
splaysin the 丘o ntoFm oun tains･ The s urface m aterials arelo os e and ofstrong perT ne ability･ s othe river
charLn els are dis ordered, and alarge qu antityofw ater ofthe river5 per m e ateSthe gr o und and be co m es
interflo w.
RunofFo v erflo w z o ne:When phre atic w ate rRo w sintothe basin, gro u nd w ater overAo w sby w ay of
springs onthefine s oilzo ne at the edge ofthe alluvialsplay･ Whe nthe w aterqu antity oftho5e SpriTlgS
islarge eno ugh, a river m ay o ccur. See Figl･
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FigL 1 Asketch m ap ofthe ex cha喝 ebetw e en surfTac enow aTldgro u nd w ate r
T he ru noffs tha( orlgLna te mainly from s n owrrlelt w aterha ve a close relationship with atm o sphere
te mperaturer It m e a n s thats eas on alte mperature cha nge has agreatinflue n ce uporlthe now distributio n
in ayear. So m e rivers
'
nowir)g pro cesses aL o obvioLISly show a cycle that express es adistinct
sn ow melt-fedstre a mfeatu r e. Se eFig2.
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2. W aterre s ourc e s character a nde xploitatio n attheQaida mBasin
2.1 Gene r alsitu atio n ofw ate r re s o u r c es oftheQaida mBasin
ln the Qaida m Basin, the re are m o rethan70 lo ng or shortstre a m sthat are allr adialized solitary
w a tersyste mflo wing点
･
o mthe m ountain are astothe basin. The greater o nesincLude the Nalenggelai
Riv e r,the Golm ud River,the Xiangride River,the C haharl W u Shu River, the Bayin River ands o orl･ The
GoLm ud River withs o m e observ ation statio ns, the greaLteSt O n e, C o v e rsa C atchm e nt are aLesstha n
20.000squarekilo m eter･ A bo ut 49rivers with a catchm ent largerthan500squ arekilo m eters
ru n allye ar･ T he am o untofsurfac e w ater res ourc esi血 the whole reg10rlis414 b
illio n cube m eters on
anave r age of m any years･ The u ndergrou nd w aterin the basin is re charged by o verl
a nd w aterby
seepage, a nd stre a m s a nd quifersinteract &eque ntly･ Thetotauy qu a nt
ity of w ater r es o urc esis 4･7
billio n c ubic m eters.
owing to a s m allpopulation and lessfar mla nd(27l･7 tho us and pe ople a nd 3 S･2 tho usa-
nd ha･
re spectiv ely),the per c apita w at er reso ur c e s a nd u nit are a w ate r r e s o ur ces ar e all o nhighe r
le vel tha nthat ir)Qinghaipr o vin ce ar)d the n ation ･
Be c a u se the stre a m shave Shortflo wing paths, heavilyseeplngbeds,irregularhydrologlC Syste m s
and
se as onalfeatu re s,itisdiffic ultto expLoit the w ater res o urces･
2 .2 UtiLizatio n ofw ate r res ourc e sintheQaida mBasin
As the basin has a sparsepopulatio na nd a srn au irrlgatio nfar mland, itc anbe c o n cludedthat
w ater
re s ou rc e shave agre ate xploitationpotential.
Ac c ordingtothe statisticsin 1993, abo ut 7 40 milionc ubic m eters of
w ater w ered v eloped inthe basin,
am ong which 60perc ent wa ter us ed fわrirrlgation･33perce ntfo
r sto ckraislngW ater andfishing , a nd
lhe restfわrindustrッ and citizen
,
らLife･ Atprese nt, the e xploitatio n rate ofground w ater is o nly
1 5･8
perc e nt in the whole region ofQai da mbasin, a ndthe utilization r at e ofundergr
o u nd w ateris m u ch
一ow e r,Jus t1.6percent･
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A)tho ugh the Iota) w ater re sou rc e s a r e relativ ly plentifuL, the e xploitatio nis hinder ed by m any
diffic ulties and problerrtsI A tfirst, itis the space distributio n of w ater reso u rc esI For e x a mple, the
Nalinggalai Riveristhebiggestriv e rinthebasin書butithas be en u n
deveLoped forthe naturalc o nditions
at the w e st ofthe basin. Next,thedistributio n ofwater re s o urc es do rlO tW ellm a tchtheland distributior L
As are s ult, thefarmla nd which requ)re sw aterc a n n o tbe e ns uredtobeirrlgated. Ho we v er, o nthe other
hand, s o m efarmlandsthatarefu lly im gatedha vebee n se co nda rilys alinized･ c a u s ed bythe rise ofthe
undergrou nd w aterlev el which is effected by topogr aphy a nd poor drainage ･ Pr e s e ntly･ m a ny
ir rigation districtsin the Qaida m Basin ha ve be er” t opped cultiv atio nfわr s ec onda ry saliniz atio n･
sec o ndary salinization hasbe c o m e an import a n tissue ofw ater res o u
rc e s e xploitatio n･ Witho ute xitlng
any outletin a ninlaT)d basin, w a ter c an notbe discharged so thatw a s te shaveto be acc u mulated･ T he
Qaida mBasin with yery we ak ecologicalenvoir m e ntis fa cings erious en vir o nm e ntalproble m s c aus ed
by industries and cities w aste waterpollt.tio n･ Takes the Golrn ud Riv er arid the bayin Riv erfor
e x ar lPles･ Thelo wer re a ches ofrivers thro ugh cities orindustrial a re a shav ebe en s erio usly pouuted･
M ore o v e r
, poluted w ater infLItratesinto soils a nd aquifers, c ausI.lg soilpollutio n a nd unde rgr o u nd
waterpothltio n. whichare diffLC ultto deplete･ Thishas critic allydeterior atedthe en virorLrneTlt1
3. De sign of decisio n s upportsyste mfor w ater res o u r c e s utilization ofthe Golrn ud Riv er
3.1 Gene r alsitu atio n ofw atere xploitatio n of Golm udcity
Golm ud cityisloc ated inthe middle so uth partof the basin a nd at the nor[h fわot ofthe Ku nLun
M o u ntains, a nd hasbecom ethelargestindustry center a nd a c om m u nica tio n c e nterinthe basin･ The
Golm ud R iver
,
the sec o nd 一argest rive rin the basin, s erves a s w at er supply forthe industry and
agric u一turede m arld ofGolm ud city･ Golm ud city, including urban, s uburb and farm s etc ･, o c c upies
abo ut3 0thous a ndsqu arekilo m eters･witha populatio n of 10, 001 T he ctlltivated lands c o v er abo ut3･3
tho us arLd ha. .
,
m ainly c o nsiting of the state- o wn ed Hedo ng far m andthe He xi far m･ T here ar e28
e nterprisesinthe city, c o ntaining so m elarger or m ediu m siz e state -ow ned e nterprises su ch asthe
Qinghaipotassiu mfer【ilizer plantL The grossv alu e of industrialo utpu thas attained R M Ba hu ndred
millio nyua n.
The s urfac ew ater re s o urc es a ndthe tmdergro und w ater r es ou r ce sinthe Golm ud city ar e estim ated an
860 mi nio n cubic m eters aJld700 mi uion cubic meters, re spe ctiv ely. W iththe repeatedpartdeducted,
the w ater res our c e stotal1 12,6 mi uio n ctlbic m eters.
T he Golrr)udcityhas a reserv oir withadesign edstorage capacity of2 4mi 11io n c ubic m eters, 3 0w ate r
diversio n chan n els. afTe wdipping w orks a ndpu mpl ng W ells etc . Statistics sho w sthat the whole water
s upply ata norm alye aris 105.22 mi 11ion cubic m eters, a ndthe w ater c o ns ulTle Ofthe Golm ud city w a s
81･75mi11ion c ubic w atersin 1990. 1tm earlSthat the curr e nt w ater s upplyis s uffLCient. But with the
ec o n omicdevelopm e nt,it ca nbepredictedthat m ore w ater res o urc eswiltbedeTTla nded.
3 ･2 Design ofw aterre sourc esdecision supportsyste m
The pu rpose Or developlng the w a te rre s o urc e sdecision sup port sy te m of the Golm ud River
(W R DSS)is to pro vide decisio nsfわr the wa t er re s o u r c e s m a n age m enta ndplan nir)gin c onsidera tio n
ofthe requLre m e ntOfprese ntand futur e, s o ciala nd e cono micalstatesin the Go lmud River w atershed,
【he water sup ply and dem andstateirlindu stry and agrlC ulture, ec ologlC alerlVir o n m e ntands ustainabte
developm enし T he obje ct ofthe m arl age m e nt andplann lnglStO rna Ximizethe efficie ncy ofthelimited
w ater re s o urc e s.
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The m ain parts of the W R D S Sare co mputer
- person dialogue& interface, data base m odule ,
rrI Odels m odule, a nd m ulti-objectiv e optL mizatio n aTld de cision m odule etc･ .
Co mputer - pe rson 垂蚕室.
■
垂車重垂司
Data Bas e m anagem e nt syste m
Go[m ud Ba sin data ba s e
∃ M ode(S m a n age m e ntsyste m
Golm ud ba sin W Rm ode一ba s e
Optim a2Rtio n皮
sim ulatio n m odule
Sche m e an alysュs OtltPut
Fig3. The str utture chart ofw ater res o urcesde cisionsupport岳yste m of the Golm ud River(W RDSS)
T he c o mputer
-
pers o ndialogu e& interface syste m, which is as s o ciated betw e en c o mpute,r a ndc usto m,
is tobe w ritte n in Vis u al Basic andshall hav e a丘ie nd interfac e 皿d a simp一e operatio n･ The hterfTac e
shall ha vethefollowingfun ctiorlS:datainput,inquire,display.interfacedialogue, o utputa nd help･
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紬g血 syste m. minng訂ea etC･
F ig4･ T he chartof database rrLa n age mentSyste m and databas e m odule･
The data bas e m an ge me nt syste m a nd data bas e m odule is to be writtenin Visu al Fo xpro a nd is
spatial data base of water stor age spacedistributio n. A R C/
Info orM aplnfo. wi n be e mployed asGIS
so氏w are .
The m odels base m a n age m e nt system and m odels basepla nto be -itte nin F O R
T R AN orC･ The
m ain parts c o n sist of industry w ater
-dem and m odels, agn culture w ater -de m and rn odels a nd rn acro
-
e c o n o mic models,
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The Golm ud cityis arapidlydev elopingiJldustriaLcity aJld a c o m m u nic atio n c erlter a ndthe Golm ud
Riyer pr o vide the ne cessary W ater reS OurC eS･ T h Golm ud w a,ter r e s o u rc e sde cisio n s upportsyste m
wiLlofflerthe de cision s upportfor w ater resources optLmization distributio n, e n s uringtheli mited w ater
r esqurc esinthe aridare atoyieldthebestec o n o mic alandso cial be n efits a ndsustain abledev elopm e nt･
Itc a nbe kr10W Tl&o mthe abo vc 皿 alysis that althoughtheQaidam Basin has a s m allqu antity ofw ater
re s o u r c es, itis relatively plent血L The pres ent w ater reso urc es exploitatio n rateis m u ch low er atld its
de vc]oping prospe ctis bro ad. ln addition, the Qaida m Basin has abunda nt mineralr es o urces azld
un e ultivated Land reso urcesthat c an n otbe deyeloped unless stlfEcie nt w ater r eso ur ces are available.
円e ntih lw ater res o urces willm ake thes e reso urcesde yelopm e nts posible･
The in v estigation hdic atesthat the Qaida m Basin has potential exparLSio ns of o v erland w ater
r e s o u r c e sd velopm e nt aridthe exploitatio n rate ofu ndergrotlnd w ateris m uch lo w er･ Undergrou nd
w ater has bee n m ainly used byrnu nicIPalandTIOtby agric ultureim gatio n. Thejolnt use Ofove rland
wate r a nd undergro u nd w aterhas agre atpotentiaL a nd is an efEicieTLt appro achto pre ventsec o ndary
saliniza(ion ,
Golm ud cityis an ec o n omic a nd co m m u nic ativ e ce nter of the basin a nd has agre atpoterLtial in w ater
reso u r c e sdevelopm e nt･ Expa ndingthe u ndergro und w ater e xploitatio n willr ela xthethre at to the city
ca usedbythe raislng Oftlndergro und waterle vd.
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